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HIs report concerns our experiences with 110 patients with severe emotional imbalance who were treated by selective anterior cingulotomy.
Historic Rationale
In 1937 Papez '1 enunciated the theory that reverberant circuits in the limbic system supplied the mechanism to mediate and express emotional experience. In the years 1947-1951 Fulton' urged neurosurgeons to focus their attention on the anterior cingulum and medial orbital areas as optimum target zones for affective disorders; he pointed out that lesions in either region had no effect on learning disability in monkeys whereas ablations of the prefrontal convexity severely restricted this faculty. In 1958 MacLean s amplified the limbic circuits involved to include the medial forebrain bun~le. Ward 1~ predicted improvement in anancastic behavior from ablation experiments of area 24 in Macacques; he also observed widespread autonomic effects from stimulation of this area, as did Pool and Ransohoff. 1-~ These experimental observations were reinforced by clinical cases of cerebral tumors in the frontal and temporal lobes by Keschner, et al.? and Strauss and Keschner? ~ During the past decade, Malamud 9,1~ has stressed the relationship between psychotic states and the limbic system; recently he reported in detail 18 autopsied cases with limbic tumors. Many of his cases had epileptiform discharges and a clinical picture of schizophrenic or affective psychosis indistinguishable from the purely psychiatric form of these illnesses.
These observations led neurosurgeons in various centers of the world to test the effect Received for publication September 11, 1967. Revision received May 2, 1968. * Presented in part at the Second Congress of the Asian and Australasian Society of Neurological Surgeons, Sydney, Australia, April 28, 1967. of cingulate lesions in neuropsychiatric disorders. Livingston ~ used an open operation, excising a 4 cm strip of cingulum along the roof of the anterior horn; in a study of 41 cases he noted striking changes in affect, a pleasantness and contentment of mood coupled with the absence of hostility and fear. In Paris, Le Beau ' reported similar post-cingulectomy results in patients with agitated behavior and obsessive-compulsive states, and he commented on the absence of mental deficits following the procedure. At about the same time Whitty 1'; reported striking success in patients with affective disorders, and almost uniform failure in those with schizophrenia; he used a two-stage open ablation procedure in area 24.
Sano 13 noted beneficial sedative effects from lesions of the posterior hypothalamus, anterior thalamic nuclei, cingulum, and hippocampus. Foltz and White :~ reported relief of pain and drug addiction following cingulate lesions and noted their best results occurred when anxiety and depressive states co-existed with pain. Ballantine and coworkers ~ reported excellent results in 30 of 40 patients with severe psychiatric disorders featured by anxiety and depression; they used bilateral stereotaxic lesions placed in the cingulum 3 to 4 cm posterior to the tip of the frontal horn. In Australia the current experience of DoMing and Bradley 2 is highly favorable in the treatment of severe psychoneuroses and affective psychoses with cingulate lesions placed just anterior to the frontal horn of the ventricles.
Material
Approximately two-thirds of our patients accepted for investigation and subsequent surgical treatment were classified as having intractable psychoneuroses that had proven resistant to psychiatric treatment; one-third of our cases fell into the group of affective psychoses (Table 1) . A small number of transitional disorders were treated surgically
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Intractable Psychoneuroses (all types)
Anxiety-tension states when studies of their personality components indicated the likelihood of a successful resuit.
Our series covers the years 1950-1967 during which 110 patients underwent bilateral one-stage procedures. Revision was necessary at a later date in seven cases, making a total of 117 surgical procedures. Seventyone percent of our patients were females, 29% were males, with an average age of 44.1 years at the time of surgery. Both the youngest (24 years) and the oldest (73 years) patients suffered from obsessive-compulsive states. Duration of symptoms prior to surgery averaged slightly more than 6 years; during this period the vast majority of patients had a maximum of psychiatric treatment apart from rare cases that showed unusual features. Data from psychiatric, psychological, medical, electrical, and computer sources proved invaluable in deciding whether there was a suitable indication for psychosurgery.
We excluded the following categories of mental illness for purposes of this study: 1) well-established schizophrenia of the hebephrenic, catatonic or paranoid form; 2) pure characterological disorders (sexual, criminal, and constitutional psychopathy) ; 3) organic encephalopathy recognized to be irreversible; and 4) reactive depressions that usually prove to be self-limited. The standard psychological battery supplemented by the Minnesota Multiphasic Personality Inventory proved helpful in the selection and rejection of cases for operation.
Technical Considerations
All cases were operated on under intratracheal anesthesia using pentothal combined with a nitrous oxide-oxygen supplement. A preoperative lumbar pneumoencephalogram was carried out. The patient was positioned supine with the head elevated 25 ~ from the horizontal plane and fixed exactly in mid-position on a cassette-holder. The superior approach was used with bilateral trephine openings placed 4.0 cm anterior to the interaural line and 4.0 cm lateral to the midline. The frontal horns were then cannulated and probes positioned medial to the anterior margin with the tips 5 to 7 mm from the midline (Fig. 1 ). These were quickly checked with Polaroid films or the image intensifier. For lesions in the lower rostral portion of area 24, the depth from the surface of the cortex averaged 5.5 to 6.0 cm. Anterior-posterior variation was within 1.5 cm, with no lesions more than 1.0 cm posterior to the sphenoidal ridge (Fig. 2) .
The size of the lesion varied from 0.8 cm (grade 1) to 2.0 cm (grade 2 + ) with the grading dependent on preoperative studies. By varying the size of the lesion and using different combinations in the dominant and non-dominant hemispheres, the surgeon gained some flexibility in management. Early in the series electrolytic lesions were used but in recent years interruptions with a graduated cingulotome under x-ray or image intensifier control has proved very satisfactory and reduced the operating time. Our present cingulotome is a slim periosteal elevator with
